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DOE TRANSPORTATION PROGRAMS - COMPUTERIZED TECHNIQUES

D. S. Joy, P. E. Johnson, C. S. Fore, and B. E. Peterson
Oat Ridge National Laboratory,* Oak Ridge, TN

One of the major thrusts of the t ranspor ta t ion programs at the Oak Ridge National
Laboratory has been the development of a number of computerized t ranspor ta t ion programs
and data bases. The U.S. Department of Energy (DOE) is supporting these e f f o r t s
through the Transportat ion Technology Center at Sandia National Laboratories and the
Transportat ion Operations and T ra f f i c Management (TOTM) organizat ion at DOE
Headquarters. I n i t i a l l y t h i s project was centered upon research a c t i v i t i e s . However
since these tools provide t r a f f i c managers and key personnel involved in preshipment
planning with a unique resource fo r ensuring that the movement of radioact ive mater ials
can be properly acconplishpd, addi t ional in teres t and support is coming from the
operational side of DCi.

The major acconplishments include the development of two rout ing models (one for
r a i l shipments and the other fo r highway shipments), an emergency response assistance
program, and two data bases containing pert inent l eg i s l a t i ve and regulatory
informat ion. This paper discusses the mast recent advances in, and addi t ions to , these
computerized techniques and provides examples of how they are used.

INTERLINE

INTERLINE' is an in te rac t i ve program designed to simulate rout ing pract ices on
the U.S. r a i l system. Because the r a i l industry 1s divided in to a large number of
independent competing companies, INTERLINE decomposes the U.S. r a i l network in to 95
separate subnetworks. Routing w i th in each subnetwork is conducted independently in
order to rep l i ca te the rout ing pract ices of an ind iv idual company.

The data base used by INTERLINE was o r i g i n a l l y obtained from the Federal Railroad
Admin is t ra t ion, and re f lec ted 1974 data. I t h r i consequently been extensively modif ied
to re f l ec t corporate mergers, correct e r ro rs , re f l ec t l i ne abandonments, incorporate new
const ruct ion, and include l i ne c l a s s i f i c a t i o n changes as rai l roads have modified and
ra t iona l i zed t h e i r rout ing pract ices since 1971. Figure 1 i l l u s t r a t e s the current
network, where th ick l ines indicate rain l ines which the rai l roads are more l i k e l y to
use.

An important slement of the data base is the t rans fe r f i l e , ind ica t ing where
t r a f f i c may move from one subnetwork to another. Because transfers between ra i l roads
involve add i t iona l cost and delay, penalt ies are assigned to these movements to
rep l i ca te the tendency of t r a f f i c to remain on a single ra i l road 's l ines when poss ib le .

A lgo r i t hm ica l l y , the model uses a l abe l - se t t i ng rout ine to f i nd minimum
impedance paths w i t h i n a subnetwork embedded in a labe l -cor rec t ing rout ine to f i nd
paths among subnetworks. An addi t ional benef i t of t h i s decomposition approach is
that computer resource requirements are reduced, al lowing INTERLINE to run as an
in te rac t i ve program despite the large size of the network (approximately I7 ,000
1 i nk s ) .

The user has the opt ion of speci fy ing a number of parameters in the r ou t i ng ,
although defaul ts are provided which represent t yp i ca l practices in the indus t ry . By
varying the para;ieters the user can f i nd a l te rna t i ve routes, examine the e f fec t of
r e s t r i c t i n g movement through spec i f ied areds, such as spec i f i c c i t i e s or spec i f i c
ra i l r oad systems. Another important capab i l i t y is the estimation of sho r t - l i ne

•Operated by Union Carbide Corporation under contract W-7405-eng-26 with the U.S.
Department of Energy.
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mileages between points, which ar\ distances that disregard the effects of
competition among carr iers, and which are the basis of freight rate calculations
using class t a r i f f s .

Printed descriptions of routes are provided to the user at a terminal. A map of
the route may also be produced, either at the terminal or o f f - l i ne , allowing the user
to more quickly understand the implications of different scenarios or routing
policies. A typical route map is shown in Fig. 2 for two possible routes from
Richland, WA, to Barnwell, SC. the actual route used w i l l depend on negotiations
between the railroads and the t r a f f i c manager responsible for the part icular
shipment.

HIGHWAY

The HlGHWAy2,3 program provides a f l e x i b l e tool fo r predict ing highway routes
fo r t ranspor t ing radioact ive materials in the United States. The HIGHWAY data base
is essent ia l ly a computerized road at las that current ly describes over 240,000 miles
of highways. A complete descr ipt ion of the In te rs ta te highway system and a l l U.S.
highways (except those that para l le l a nearby In ters ta te highway) is included in the
data base. Most of the pr inc ipa l state highways and a number of local and county
highways are also i d e n t i f i e d . Recent addit ions to the data base include nuclear
f a c i l i t i e s and major a i r po r t s .

Several d i f f e ren t types of routes may be calculated depending upon a set of
user supplied cons t ra in ts . Routes are calculated by minimizing the t o ta l impedance
between the o r i g i n and the dest inat ion. Bas ica l ly , the impedance Is defined as a
funct ion of distance and d r i v i ng time along a pa r t i cu la r highway segment. Several
rout ing constra ints can be imposed during the ca lcu la t ions. Frequently, routes are
needed which bypass major population areas. A special data base has been added to
the HIGHWAY model which deletes a l l highway segments located wi th in urbanized areas
containing over 100,000 people. Routes generated from th is data base w i l l not
u t i l i z e any roads in these urbanized areas. Other commonly used cons t r a i ns include
the a b i l i t y to ca lcu la te routes which maximize the use of the In te rs ta te highway
system, routes which bypass a spec i f ic s ta te , c i t y , town, or a spec i f ic highway
segment.

The output generated by the HIGHWAY program includes a br ie f summary showing the
o r i g i n , des t ina t ion , departure and ar r i va l t imes, estimated dr iv ing t ime, and t o ta l
distance. The mileage driven in each state is also l i s t e d , along with the mileage
traveled i n the various highway types. A more detai led route descr ipt ion is also
avai lable where each ind iv idual highway is i den t i f i ed along with the points where the
route enters and leaves the highway.

An example of the various routing options is shown in Figs. 3 and 4. A route
between the Turkey Point reactor south of Flor ida C i t y , FL, and the Nevada Test S i t e ,
NV, is used in these examples. Three d i f fe ren t routes are shown in F ig .3 . The so l i d
l i n e represents the most d i rect route. The dashed l i ne shows the route which would be
used for the shipment of spent fuel which nust bypass a l eg i s l a t i ve r e s t r i c t i o n in
Louisiana. The t h i r d route fol lows the in te rs ta te highways exc lus ive ly . An example of
predic t ing a route which bypasses a l l major urbanized areas is shown in F ig . 4.

AIRPORT

The AIRPORT'' locator program was developed to rapidly provide emergency response
information fo r the DOE in responding to incidents which may involve radioact ive
mater ia ls . The program includes a data base l i s t i n g approximately 800 commercial and
mi l i t a r y a i rpor ts in the continental U.S. that could be used in t ranspor t ing
special ized equipment and/or personnel to a pa r t i cu la r s i t e . The data base Includes a
descr ipt ion of the major runways at each a i rpor t including information on geographic
coordinates, length , width, runway surface, runway weight-bearing capaci ty, and
instrument approach c a p a b i l i t i e s .
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The AIRPORT locator program is designed to f ind a l l the airports in the v ic in i ty
of a predetermined location. The central position used for the search is a highway
Intersection derived from the HIGHWAY model. The airport locator program establishes
a search window centered at this location, with approximate dimensions of 300 x 300
miles; a l l airports within the window that meet specified c r i te r ia are extracted from
the data base. The l ine-o f - f l i gh t distance between the airports and the central
point is calculated, and the airports are l is ted in order of their distance from the
center.

If desired, several constraints specifying airport capabil it ies can be Included,
and only the airports which satisfy these constraints w i l l be reported. I f no
constraints are imposed, a l l airports within the window are considered. The user-
specified constraints include minimum runway length, instrument approach capabi l i ty,
and aircraf t landing weight.

An example of two different airport searches is shown in Figs. 5 and 6. The
central point for each search is Russelvil le, Aft. In the f i r s t exanple (Fig. 5) , no
specific airport capabil i t ies were specified and the ten airports closest to
Russelville are shown. The second example, only the airports capable of handling
C-5 aircraf t are shown.

THE LEGISLATIVE AND REGULATORY INFORMATION SYSTEM

The Legis lat ive and Regulatory Information System (LRIS), at Oak Ridge National
Laboratory, operates as a computerized data base for gathering and disseminating
leg is la t i ve - t ype information which could affect the transportat ion of
radioactive/hazardous materials. State and local governments have expressed the i r
concern through the adoption of speci f ic t ransportat ion res t r i c t i ons , e . g . , requests
that no t i f i ca t ions be made pr ior to shipment, requirements fo r special permits and
escorts, and completely banning shipments through cer ta in c i t i e s , spec i f ic bridges,
tunnels, and t o l l roads. The information contained in the LRIS has been organized
in to two special ized in ter re la ted f i l e s , i . e . , the Legislat ive Data Base and the
Operational Restr ict ions and Emergency Response Contacts Data Base, which funct ion as
a un i t . Data storage, information r e t r i e v a l , and data base maintenance are handled
through the INQUIRE data management system.

Legis lat ive Data Base

One coiiponent of the LRIS, the Legis lat ive Data Base^-7, functions as a
comprehensive information f i l e that contains detai led data on fede ra l - , s t a te - , l o c a l - ,
and operat ional- level l eg is la t i ve and regulatory actions af fect ing the t ransportat ion
of radioactive/hazardous mater ials. The data base consists of about 2500 entr ies tnat
have been abstracted and indexed in to a special ized format. Thus, a user can easi ly
iden t i f y spec i f ic res t r i c t i ons in a par t i cu la r state of in te res t . For example, permits
required in the state of Iowa for shipping spent fuel or speci f ic highways, bridges,
and tunnels which have been banned from radioactive materials t ransportat ion can easi ly
be extracted. A sample record from the Legis lat ive Data Base is shown in F ig . 7. This
par t i cu la r b i l l summarizes a law in the state of Vi rg in ia which requires a f ive-day
pr io r notice ( inc luding route) for the shipment of hazardous radioactive mater ia l .

Directory of Operational Restr ict ions and Emergency Response Contacts

A second component of the LRIS that operates as a supporting tool to the overal l
program is an on- l ine directory which h ighl ights those operational res t r i c t i ons that
proh ib i t or r e s t r i c t the use of speci f ic highways, r a i l l i nes , bridges, tunnels, and
t o l l roads. The Operational Restrict ions and Emergency Response (ORER) Contacts
Directory Data Base**.9 ident i f ies the key s ta te , county or local contact
agency/person responsible for the transportat ion of radioactive/hazardous materials
through a par t i cu la r j u r i s d i c t i o n . Also included are emergency assistance contacts
fo r each s ta te . A l i s t of major emergency telephone numbers, any of which can be
cal led on a 24-h basis, is provided for each type of material involved, e . g . , hazar-
dous or radioact ive materials.

Tob i raduetd ?Ov *© ifi»i f m i l Copy will b* 80"»» ol t



Approximately 1000 entries covering a l l states are currently in the directory.
The collected information is organized to permit quick access to key contacts In a
precise area of concern. Traff ic managers can u t i l i ze the ORER Data Base durir.£
thei r preshipment planning to quickly determine any impediments along a part icular
route. In the case of an emergency incident involving either radioactive or hazar-
dous materials, emergency response personnel can instantly Identify the key state or
local o f f i c ia ls to be contacted for the specific type of material involved.

A sample record from the ORER Data Base is shown 1n Fig. 8. This record
ident i f ies the fact that radioactive materials are banned from the Pennsylvania
Turnpike.

Development is underway to interface the LRIS with the HIGHWAY and INTERLINE
routing programs at ORNL. The transportation restr ict ions ident i f ied in the LRIS are
currently being incorporated into the HIGHWAY Data Base. Knowledge gained through the
interface of these programs w i l l provide a unique tool in preshipment planning.
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ORNL'DWG 83-7876

PREDICTED TRUCK ROUTE FROM SOUTHERN FLORIDA TO SOUTHERN NEVADA
GENERAL ROUTE - SOLID LINE

BYPASSES LOUISIANA - SHORT DASH LINE INTERSTATE ROUTE - LONG DASH LINE



PREDICTED TRUCK ROUTE FROM SOUTHERN FLORIDA TO SOUTHERN NEVADA
BYPASSING LOUISIANA AND METROPOLITAN AREAS OVER 1 0 0 , 0 0 0

ORNl-OWG 83-7870

tr *



ORNl OWG 637842

NEAREST COMMERCIAL AND MILITARY AIRPORTS TO RUSSELLVILLE, AR
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.STA'I'I.
LUCAI-t.
BILL MIMIlhll { Ji
TITLE

CUHRENT STATUS ( II
HISTORICAL STATUS ( II

SPONSOR

LEGISLATION TYPE
REFERENCE REPORT
SOURCE

Stale i>f Virginia
VA-HUl!i]r
Chapter .13. TransiKirtaliun u[ Haiarduua Kadiuactivi Mat«rial>

Required 03/27/7S
lnlroduci-d 0i/22/7S
Committee (General Laws), bate Unknown
Grayson: Diamonstein; Scutt. K.C.; Dickinson; Murray, Uictnt

State
Non,
Bill: NRC Sule Prwam keixjrt did 3/23/7S; CA Newsletter did 6/19/7S; DOE-OKU Trans Br. Chief

CATEGORY
MODI.
REGION
KEYWORDS

( 1 >

1 II
1 2)
< 31
1 41
( 51
( 61
( 71
1 B(

Notif)
Trurk
SE. ^
RADIOACTIVE MATERIALS
NOTIFICATION
PROHIBIT TRANSPORTATION
HEALTH DEPARTMENT
HAZARDOUS MATERIALS
DEFINITIONS
EMERGENCY SERVICES OFHCE
HOUTE.1-'

Bill provides fur defining of hazardous radioactive materials, require 5 day a prior notification (including
proposed roulei, provides for approval of pinna, and provides for notification of local officials along tuutt-
l)irecta the Office of Emergency Services to monitur the trans|*u nat ion of radioactive materials within
the Btatv. Approval would be supplied by the coordinuUir of the Office of Emergency Services

The Coordinator of the office of Emergency Services (GOES), by July 31. 197y, in conjunciiun with the
Commissioncr of i:it Virginia Department of Health, shall define and make public a list of ihoae
hazardous radioactive materials, the transportation of which i . «y constitute a significant protendal
danger U> the citizens of the Commonwealth of Virginia in the event u. accidental ipillage or release. No
person shall transport, or cau*e to be transported, into, through, or within the Commonwealth of Virginia
any hazardous radioactive materials aa defined by the GOES pursuant to 44-146.30 of this chapter unless
such person has notified the COES no later than five days before the transport of Juch man.-rials. Such
notice shall inrlude (1) the route proposed to he taken, (2) the proposed time of transportation, (31 the
material to \nt transported. (4) the method of the proposed transportation, and (5j any additional
information that may be required b> the COES. The COES ahull approve, disapprove or approve with
conditions, any plans to transport hazardous radiuuctive materials and shall notify the person submitting
auch plan of its approval, disapproval or conditional approval, no later than forty-eight hours before thu
propused time of transport. The COES, as Boon us practical after approval of plans to transport hazardous
radioactive material, and nu laLer than twenty-four hours befure the time of auch transport begins, shall
notify the appropriate official in such political subdivision through which such shipment ahaII puss of the
route, Lime, and nature of the hazardous material to be transported The Board of Health wilt promulgate
rules and regulations governing the transportation of radioactive materials by January 1, 19H0

Ki« 1. LeguUl B UBU b u t tuunple record.

STATt
LOCALE
LEG1SIJVTION TYPE
CATEGORY
NAME
STHEfcT
CITY
STATE CODE
ZIPCODE
PHONE
EMEKGENCY NO.

COMMENTS

KEYWORDS

REFERENCE MATERIALS
CORRESPONDENCE

f't-nnaylvania Turnjiikv
Oficratiunal
Prohibit
Clarence Wright, Safety Direclur
Administration Building, Highspire. P. O. box H531
Harrisburg
PA
17105
717/«3rf-»55l. ext. 222

Shipments of radioactive materials are banned from Pennsylvania Turnpike, must routt around,
combustibles, fuel oil, and nun-flammable %** tire allowed with (wrmita through Permit Section.

11 PROHIBIT TRANSPORTATION
JM RADIOACTIVE MATERIALS
3) PERMITS
4 | HAZARDOUS MATERIALS
1) Pennsylvania Turnpike Map

Phone call 8/82

Fig. Z. OHER D«U Bur a-mpls record.


